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Immunochemical  Studi.es  on  the  Tryptophan-modified  Cobrctoxin 


The  two-dimensional  structure  of  cobrotoxin  has  recently  been  established  anu  permi' 
a  study  of  structure-activity  relationships.  Preceding  studies  cn  the  chemical,  modifi 
cation  of  cobrotoxin  suggested  that  either  the  intact  Tyr-25,  Lys  ■■+‘7 }  or  Giu-2i  is 
essential  for  full  activity  of  the  toxin.  The  importance  of  the  single  Trp-residuc  ac 
position  29  for  the  lethality  of  cobrotoxin  as  well  as  several  neu^otoxins  isolated 
from  the  venoms  of  sea  snakes  have  beer,  reported.  The  immunodiffusion  of  these  Trp- 
modified  toxins  showed  similar  precipitin  lines  to  tnose  of  native  toxins.  However, 
as  for  inducing  the  production  of  antibodies  in  animals  by  immunization  wit.n  these 
modified  derivatives  and  the  detail  immunochemical  studies  on  these  products  have  not 
yet  beer,  undertaken  , 

In  this  study,  the  single  Trp-residue  ir.  cobrotoxin  has  been  convert  eu  into  h  •  -ferny 
kyrsuronine  by  ozonization,  oxidized  to  oxindole  derivative  with  N-bronosucc inimide  ar, 
also  modified  by  reactions  with  2-hydroxy-5>--nitrober.zyl  (HUB)  bromide  and  2-nitrc  - 
pner.ylsul f er.yl  chloride.  An  important*  feature  of  t-he  investiga*. lor.  :s  tc  determine 
whether  t.he  chemical  modification  would  affect  ■: r.  the  antigenic  specificity  of  tho 
toxin . 


Each  modified  derivative  gave  a  single  fused  precipitin  xirte  'm  u  : 
immunodif  fusion  against  either  anti-cobr^t.^x j n  c-r  ant i-ja.B-cobrw- 1  xi; 


Unclassified 


heterologous  pi'or-.ipitin  reactions,  no  significant  decreases  in  antigenic  activity 
of  the  modified  derivatives  were  observed  when  they  reacted  with  anti-cebrotoxin 
sera.  In  the  production  of  antibodies  in  rabbits  by  immunization,  with  these 
modified  derivatives  (except  for  ozonized  toxin),  we  have  obtained  1.3  times  more 
potent  antisera  in  only  one-half  the  time  by  using  HNB-cobrotoxin  instead  of 
native  toxin.  Therefore,  HNB-cobrotoxin  is  superior  to  native  toxin  fen  the 
production  of  antibody  in  animals.  These  results  suggest  that  although  the  Trp- 
residue  in  cobrotoxin  is  essential  for  lethal  toxicity,  it  may  not  be  involved 
ii.  the  antigenic  specificity  of  the  toxin.  (Author) 
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structure-activity  relationships  and  immunochemical 

STUDIES  ON  COBROTOXIN 


Imnumochonucal  studies  on  the  Tryptophan-modified  Cobrotoxln 

The  single  tryptophan  residue  in  cobrotoxin  has  been  converted 
into  N-formylkynurenine  by  ozonization  in  formic  acid,  oxidized 
to  oxindcle  derivative  \*ith  N-bromosuccinimidei  and  also  modified 
by  reactions  with  2-hydroxy-5~nitrofcenzyl  bromide  and  2-nitrophenyl'» 
sulfenyl  chloride.  The  modified  toxins  lost  almost  completely  the 
lothal  toxicity  and  showed  that  besides  tryptophan,  all  other  amino 
acid  residues  remained  intact.  However,  the  derivative  oxi dined 
with  N-bromosuccinimide,  in  addition  to  tryptophan,  one  mole  of 
tyroaine  and  hiatidine  were  also  modified. 

Each  modified  derivative  gave  a,  single  fusod  precipitin  line 
with  cobrotoxin  on  immunodiffusion  against  either  anti-cobrotoxin 
or  anti-HN9-cobrotoxin  sera.  In  heterologous  precipitin  rea¬ 
ctions,  no  significant  decreases  in  antigenic  activity  of  the 
modified  derivatives  were  observed  when  thoy  reacted  with  onti- 
cobrotoxin  sera.  However,  a  slight  decrease  of  precipitation 
occurred  for  ozonized  cobrotoxin.  In  the  production  of  anti¬ 
bodies  in  rabbits  by  immunization  with  these  modified  derivatives 
(except  for  ozonized  cobrotoxin),  we  have  obtained  1.3  times  more 
potent  antisera  in  only  one-half  the  time  by  using  HNB- cobrotoxin 
instead  of  nutive  toxin.  Therefore,  HNB-cobrotoxin  is  superior 
to  native  toxin  for  the  production  of  antibody  in  animals.  These 
results  suggest  that  although  the  tryptophan  residue  in  cobrotoxin 
is  essential  for  lethal  toxicity,  it  may  not  be  involved  in  the 
antigenic  specificity  of  the  toxin. 


ABSTRACT 


Immunochemical  Studies  on  the  Tryptophan-modified  Gobrotoxln 

The  two-dimensional  structure  of  cobrotoxin  has  recently  been 
established  and  permits  a  study  of  structure-activity  relationships. 
Preceding  studies  on  the  chemical  modification  of  cobrotoxin  sugg¬ 
ested  that  either  the  intact  Tyr-25,  Lys-47,  or  is  essential 

for  full  activity  of  the  toxin.  The  importance  of  the  single  Trp- 
fesidue  at  position  29  for  the  lethality  of  cobru fo:::.n  nr.  veil  as 
several  neurotoxins  isolated  from  the  venoms  of  sea  snake;;  have 
been  reported.  The  immunodiffusion  of  these  Trp-no<l if ' cc'  tc::ir.c 
showed  similar  precipitin  lines  to  those  of  native  toxir.r;. 
ever,  as  for  inducing  the  production  of  antibodies  in  nniwsv.s  by 
immunization  with  these  modified  derivatives  and  the  detail  immuno¬ 
chemical  studies  on  these  products  have  not  yet  boon  undertaken. 

In  this  study,  the  single  Trp-rosidue  in  cobrotoxin  has  been 
converted  into  N'-formyl  kynurenine  by  ozonizntion,  oxidized  to 
oxindole  derivative  with  N-bromosucciniraide,  and  also  modified  by 
reactions  with  2-hydroxy-5-nitrobonzyl  (HNB)  bromide  and  2-nitro- 
phenylaulfenyl  chloride.  An  important  feature  of  tho  investi¬ 
gation  is  to  determine  whether  the  chemical  modification  would 
affect  on  the  antigenic  specificity  of  the  toxin. 

Each  modified  derivative  gave  a  single  fused  precipitin  line 
with  cobrotoxin  on  immunodiffusion  against  either  antl-cobrotoxin 
•r  anti-HNB-cobrotoxin  sera.  In  heterologous  precipitin  reactions, 
no  significant  decreases  in  antigenic  activity  of  the  modified 
derivatives  were  observed  when  thoy  reacted  with  anti-cobrotoxin 
••ra.  In  tho  production  of  antibodies  in  rabbits  by  immunization 
with  these  modified  derivatives  (except  for  ozonized  toxin),  we 
have  obtained  1.3  times  more  potent  antisera  in  only  one-half  tho 
time  by  using  HNB-cobrotoxin  instead  of  native  toxin.  Therefore, 
HNB-cebrotoxin  is  superior  to  nativo  toxin  for  the  production  of 
antibody  in  animals.  Theso  results  suggest  that  although  tho 
Trp-residue  in  cobrotoxin  is  essential  for  lethal  toxicity,  it  may 
not  be  involved  in  *he  antigenic  specificity  of  the  toxin. 
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Liat  of  Appendixes 


A-l  Table  I«  Amino  acid  composition  of  cobrotoxin  and  Pape  9 
tryptophan-modi f lad  derivatives. 

A-2  Table  II.  Comparison  of  the  production  of  antibody  to  10 

cobrotoxin  by  immunization  with  cobrotoxin  and  trypto¬ 
phan-modified  derivatives  in  rabbits. 

A-3  Table  III.  Comparison  of  sper.ific  neutralizing  capacity  11 
of  anti-cobrotoxin  and  anti-tryptophan~raodified  cobrotoxin 
sera  against  cobra  venom  and  cobrotoxin. 


B»1  Fig.  1.  Pelationship  between  the  formation  of  N-fontiyl-  12 

kynureninc  and  the  lethal  toxicity  of  cobrotoxin  as  a 
function  of  time  of  ozonizstion. 

B-2  Fig*  2.  Chance  of  absorbance  and  decrease  of  lethal  13 

toxicity  of  cobrotoxin  after  oxidation  with  NBS.  To  the 
solutions  of  cobrotoxin  (3  mg)  in  2  ini  of  0.1  M  acotato 
buffer  (pH  4.o),  varying  molar  equivalents  of  I.3S  in  1.0 
ml  of.  the  sane  buffer  were  added  dropvi3o.  A28q  nm  ( 1-cm 
light  path)  value  and  lethal  toxicity  were  plotted  against 
the  amounts  of  NBS  after  tho  reaction  had  proceed  for  30 
rain. 

B-3  Fig.  3«  Alkylation  of  tryptophan  residue  in  cobrotoxin  14 

with  HNB-Br  and  decrease  of  lethal  toxicity.  To  the 
solutions  of  cobrotoxin  (1  p  mole)  in  2  ml  of  0.18  M  acetic 
acid  (pH  2.7),  various  molar  excess  of  HNB-Br  in  0.2  ml 
of  dry  acetone  were  added.  After  vigorous  stirring  for 
1  h  at  room  temperature  (27  C),  the  mixture  was  desalted 
by  passage  through  a  Sephadex  G-25  column  (2  x  33  cm)  and 
•luted  with  0.2  M  acetic  acid.  The  protein  fractions 
were  pooled  and  lyophilizerf.  Tho  mole  of  tryptophan 
modified  was  determined  spectrophotonetrically  on  dry 
sample  dissolved  in  O.G5  M  sodium  carbonate  buffer  (pH 
10.0),  using  a  value  of  18,900  for  tho  molar  extinction 
coefficient  at  410  nra  (15). 
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B-4  Fig.  4.  Sulfenylation  of  tryptophan  residue  in  Pago  1$ 

cobrotoxin  with  NPS-Cl  and  decrease  of  lethal  toxicity. 

To  the  solutions  of  cobrotoxin  (Ip  mole)  in  2  ml  of 
30  $  cootie  acid,  various  mol  -  excess  of  NPS-Cl  in 
1  ml  of  glacial  acetic  acid  wu’o  added.  After  stirring 
for  1  h  at  room  temperature  (27°C),  tho  modified  toxin 
was  separated  from  tho  reagent  by  passage  through  a 
Sephadex  G-25  column  (2  ::  33  cm)  and  eluted  with  0.2  M 
acetic  acid.  The  protein  fractions  were  pooled  and 
lyophilized.  The  NTP-- tryptophan  was  determined  spectro- 
photometrically  on  the  dry  sample  dissolved  in  0.2  M 
acetic  acid,  usinc  a  value  of  4,000  for  the  molar  extin¬ 
ction  coefficient  at  3^5  nm  (11).. 

B-5  Fig*  5*  Absorption  spectra  of  cobrotoxin  and  its  Trp-  l6 

modified  derivatives.  3  mg  of  cobrotoxin  and  2  mg  of 
modified  derivatives  wore  dissolved  in  6  ml  of  0.2  J* 
acetic  acid,  respectively,  except  for  HNB-cobrotoxin 
which  was  dissolved  in  0.05  M  sodium  carbonate  buffer 
(pH  10*0).  Cbt,  cobrotoxin. 

B-6  Fig.  6.  Quantitative  precipitin  reactions  of  cobrotoxin  17 

ard  tho  Trp-modif ied  derivatives  with  anti-cobrotoxin 
sera.  0*5  ml  of  the  pooled  antisera  from  four  rabbits 
were  used  in  each  determination.  Cbt,  cobrotoxin. 

B-7  Fig.  7*  Quantitative  precipitin  reactions  of  cobrotoxin  1# 

and  the  Trp-modified  derivatives  with  anti -Trp-modif ied 
cobrotoxin  sera.  0*5  ml  of  the  pooled  antisera  free  four 
rabbits  were  used  in  each  determination.  — o ,  cobro- 

toxin)  A - B,  homologous  modified  cobrotoxin. 

B*8  Fig.  8.  Immunodiffusion  in  agar  gel.  Central  wells:  19 

(A)  Anti-cobrotoxin  sera)  (B)  Anti -HNB-cobrotoxin  sera. 
Surrounding  wollsi  (1)  Cobrotoxin;  (2)  HNB-cobrotoxin; 

(4)  NPS-cobrotoxinj  (5)  Ozonized  cobrotoxin. 

B-9  Fig.  9*  Gel  filtration  patterns  of  cobrotoxin,  HNB-cobro-  20 

toxin,  and  W-chymo trypsin  on  Eephadox  G-50.  The  column 
was  equilibrated  with  M/15  phosphate  buffer  (pH  7*4)  to 
the  constant  height  (2  x  85  c:.).  Each  sample  (10  mg) 
dissolved  in  tho  same  buffer  was  applied  into  tho  column 
and  eluted  with  the  same  buffer.  5  ml  of  fractions  were 
collected  at  a  rate  of  25  ml  per  li  and  tlie  protein  con¬ 
centration  vac  determined  by  the  method  of  Lowry  et  *1. 

(21).  •  —  e,  cobrotoxin;  4— —8,  HNB-cobrotoxin;  r  — — •  , 

<x-chyco  t  r  yp  s  i  n . 
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Immunochemical  Studios  on  the  Tryptophan-modified  No  I > ■  o oy <;i 


I.  Introduction 

Preceding  studies  on  the  chemical  modification  of  cobrotoxin 
suggested  that  cither  the  intact  Trp-29  (1),  Tyr-25  (2),  Lys-47  (3)1 
er  Glu-21  (3.4)  is  essential  for  full  activity  of  the  toxin. 

Most  snake  venom  nourotoxins  whose  amino  acid  sequences  have 
keen  established  contain  only  one  tryptophan  residue  located  at  the 
homologous  positions  ( 5 )  •  By  moot:  of  chemical  modification,  the 
importance  of  tryptophan  residue  for  the  lethal  toxicity  of  neuro- 
texin*  isolated  from  the  venoms  of  sea  snakes  have  also  boon 
reported  (6-9).  The  i..r:unodif fusion  of  these  tryptophan-modified 
toxins  showed  similar  precipitin  lines  te  those  of  native  toxins. 
h»~ever,  as  for  the  inducing  the  production  of  antibodies  in 
animals  by  immunization  with  theso  modified  derivatives  and  the 
detail  immunochemical  studios  on  those  products  have  not  yet  been 
undertaken. 

In  this  study,  tho  single  tryptophan  residue  in  cobrotoxin 
has  been  modified  by  four  different  reagents  and  the  effects  on 
the  antigenic  specificity  of  the  toxin  were  investigated.  The 
■edified  derivatives  although  loot  almost  completely  the  lethal 
texicity,  but  the  antigenic  specificity  remained  unchanged  signi¬ 
ficantly.  Among  the  modified  toxins,  HNB-cobrotoxin  is  the  most 
superior  te  native  toxin  for  inducinq  the  production  of  antibody 
in  enimals. 


Abbreviations!  HNB-Br,  2-hydroxy-^-nitrobonr.yl  bromide; 
NPS-C1 ,  2-nitrophenylsulfonyl  chloride;  NBS,  I?-broMoancoiniuidc| 
HNB-cobrotoxin,  NPS-cobro toxin,  and  NES-cobroto::i»  r cobrotoxin 
derivatives  which  were  modified  with  MNB-Br,  NP5-C1 ,  and  NBS, 
respectively. 


II.  Materials  and  Methods 

Cobrotoxin  was  prepared  from  Taiwan  cobra  (Naja  na.ja  atra) 
venom  as  previously  described  (10).  Reagent  grade  of  HNB-Br  was 
purchased  from  Seikagaku  Kogyo  Co.,  Japan.  NPS-C1  was  obtained 
from  Sigma  Chemical  Co.,  and  NBS  from  Pierce  Chemical  Co.  NBS 
was  rocryatallized  from  water  before  use. 

Alkylation  of  cobrotoxin  with  HHE-Br  and  ozonization  of 
cobrotoxin  in  formic  acid  were  carried  out  as  previously 
described  (1). 


1  •  Sulf enylation  of  cobrotoxin 


Sulf enylation  was  carried  out  essont tally  according  to  tho 
method  of  Sceffone  et  a!.  <li)  To  a  solution  of  cobrotoxin  (50  mg) 
in  2  ml  of  30  ?6  acetic  acid  a  10-fold  molar  excess  of  NPS-C1  in 
1  ml  of  glacial  acetic  acid  was  added*  r'he  reaction  was  allowad 
to  proceed  at  room  temperature  (27*)  for  1  h  and  tho  mixture  warn 
desalted  by  passage  through  a  r  . shades  G-25  column  (2  x  50  cm) 
equilibrated  with  0.2  M  aeotic  acid.  The  protein  fractions  woro 
pooled  and  lyophylirsed. 

Oxidation  of  cobrotoxin  with  NBS 

Oxidation  of  cobrotoxin  with  NBS  v/as  performed  essentially 
according  to  the  yroeedu.rc?  described  by  Preisheim  and  Huennekenm 
(12).  To  a  solution  of  cobrotoxin  (50  mg)  in  2  ml  of  0.1  M 
aceteto  buffer  (pH  4.0)  a  4-fold  molar  excess  of  NBS  in  1  ml  of 
the  same  buffer  wan  added  c'ropwise.  After  stirring  at  27°  for 
30  min  the  modified  toxin  was  separated  from  the  excess  reagent 
by  passage  through  a  Sophadox  G-25  coluiin  (2  x  50  cm)  equilibrated 
with  0.2  M  acetic  acid.  Tho  protein  fractions  were  poolod  and 
lyophilized. 


3.  Preparation  of  antisera 

Anti-cobretoxin  cerura  was  prepared  in  rabbits  A3  previously 
described  (13).  Each  anti-Trp-raedifiod  cobrotoxin  scrum  was 
prepared  by  injecting  increasing  amounts  of  the  homologous  modi¬ 
fied  toxin  (except  for  ozonized  cobrotoxin)  with  i,Vound*s  adjuvant 
(complete)  into  rabbits  weighing  2.0  to  2.5  hy.  Sixty  f.ig  to  2,5 
*9  per  kg  body  weight  were  inject od  subcutaneously  into  the  right 
and  left  thigh  alternating  at  weekly  intervals  during  a  period  of 
two  months  and  tho  animals  were  bled  9  days  after  tho  final 
injection. 


Amino  acid  analysis,  measurements  of  lethal  toxicity  and 
immunological  procedures  were  performed  essentially  the  same  as 
previously  described  (2,13). 


III.  Results 


?. *  .9.’ icmical  j3o_di.fi cation  of  tryptophan  residue 

jji  cobrotoxin  * 

The  extent  of  oxoni nation  was  folloi/od  by  the  increasing 
absorbancy  at  y.O  y.  i  corresponding  to  the  formation  of  N-formyl- 
kynurenine  (l4).  As  shown  in  i-'ig.  1,  v/ith  increasing  amounts 
•f  N-formyl  Icynurcnr.no  formed,  the  lethal  toxicity  decrease 
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progressively  end  finally  dropped  t*  J.l  S  «f  cebrotoxin  after 
ezonizatlen  for  8  min»  No  further  changes  in  the  absorbancy  at 
320  nm  and  tho  lethality  were  observed  after  8  min* 

The  oxidation  of  tryptophan  by  NBS  leads  to  decrease  in 
absorbancy  at  280  na.  As  shown  in  Pig*  2,  the  A280  nm  <1“CM  light 
path)  value  of  the  mixture  decreased  as  the  amounts  of  NBS  increased 
within  3  molar  excess  ever  cobrotoxin  and  then  went  up  again  with 
a  gentle  slope.  The  lethality  of  oobrotoxin  decreased  markedly 
and  finally  lost  almost  completely  when  ell  tryptophan  residue  wes 
modified. 

For  the  reaction  of  cobrotoxin  with  HNBrBr  or  NPS-C1,  the  extents 
ef  modification  ucrc  determined  cpectrophotometrically  based  en 
the  molar  obnorbanco  coeff iciontn  (tM)  of  lB,900  end  4,000  at  410 
nm  (15)  and  3613  nm  (11),  ro3poctivo.ly,  As  shown  in  Pigs.  3  and  4, 
the  lethality  doc.vcast  d  progressively  and  finally  dropped  to  6.2  % 
and  3»1  /»  of  co'orotanin,  respectively,  as  all  tryptophan  rosidue 
was  modified. 

^  2 .  Characterisation  of  tho  modified  derivatlvos 

As  shown  in  Fig.  3,  tho  absorption  spectra  of  HNB- cebrotoxin 
and  NPS-cobrotonin,  which  showed  the  characteristic  peaks  at  410 
nm  and  365  nm,  respectively,  were  practically  tho  same  as  these 
ef  HNB-proteins  and  NPS-protoins  reported  by  Barman  and  Keshland 
(15)  and  Scoff one  et  al.  (11),  respectively.  Spectral  deter¬ 
mination  of  the  oxtento  of  modification  baBod  oil  the  molar 
absorbance  coefficients  of  10,900  and  4,000  at  4l0  nm  and  365  nm 
Indicated  that  0.92  mole  and  O.98  mole  of  tryptophan  had  reacted 
with  HNB-Br  and  NPS-C1,  respectively. 

The  amino  acid  analyses  of  tho  modified  derivatives  showed 
that,  besides  tryptophan,  all  other  amino  acids  remained  essen¬ 
tially  intact  (Table  I).  However,  the  derivative  oxidized  with 
MBS,  in  addition  te  tryptophan,  one  molo  of  tyrosine  and  his- 
2  tidine  had  also  been  modified. 

3.  Antigenic  activity  of  the  modified  derivatives 

As  shovm  in  Fig.  6,  no  significant  decreases  in  antigenic 
activity  of  the  modified  derivatives  were  observed  in  the 
heterologous  precipitin  reactions  when  they  reacted  with  ant.i- 
cobratoxin  Gera.  However,  a  slight  decrease  of  precipitation 
occurred  for  ozonized  cobrotoxin. 

Inducing  the  production  of  antibodies  in  rabbitB  by  immuni¬ 
sation  with  those  modified  derivatlvos  (oxcept  for  ozonized 

cobrotoxin)  v:no  carried  out.  Dv.n  to  tho  low  toxicity  of  the 
modified  derivative;-,  immunisations  wore  started  from  60  jig  per 
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kg  body  weight  instead  of  6  pg  and  completed  in  only  one-half  time 
of  that  with  cobrotoxin  (Table  II) •  The  antibody  contents  in  the 
poolod  immune  sera  were  determined  by  quantitative  precipitin 
reactions  using  cobrotoxin  as  an  antigen  (Fig.  7)»  As  shown  in 
Table  II,  the  amount  of  antibody  precipitated  from  anti-HNB-cobro- 
toxin  sera  by  cobrotoxin  was  8.5  pc*  cent  more  than  that  of  anti- 
cobrotoxin  sera.  However ,  the  antibody  content  in  the  anti-NBS- 
cobrotoxin  oar a  wan  only  ouc-half  that  of  anti -cobrotoxin  sera. 

4 .  No u trail r. itip  capacity  of  antisorc 

Comparison  of  spocific  neutralizing  capacity  of  anti-Trp- 
modified  cobrotoxin  and  anti-cobrotoxin  sera  nro  shown  in  Table  III* 
It  is  seen  that  the  relative  capacity  of  the  anti-HNB-co’orotojcin 
sera  was  1.3  times  higher  than  that  of  anti~cobroto:cin  sera,  but 
anti-NDS-cobrotoxin  sera  was  only  one-third  that  of  anti-cobrotoxin 
sera.  The  antibody  content  and  specific  neutralizing  capacity  of 
anti-NPS-cobrotoxin  sora  were  almost  tho  same  a o  those  of  anti- 
cobrotoxin  sera. 

k 

*  Immunodiffusion 

Practically  the  same  patterns  of  immunodiffusion  were  observed 
for  both  anti-cobrotoxin  (Fig.  8-A)  and  anti-IIKB-cobrotoxin  sera 
(Fig.  8-B)  against  cobrotoxin  and  Trp-mouificd  derivatives.  Each 
modified  toxin  gave  a  single  fused  precipitin  lino  with  cobrotoxin 
against  oither  anti-cobrotoxin  or  anti-HNB-cobro toxin  sera, 
indicating  that  the  all  modified  toxins  were  immunochciuically 
homogeneous  as  cobrotoxin. 

The  al  ovc  results  indicate  that  although  the  single  Trp-29 
which  is  common  to  all  nourotoxins  isolated  from  snake  venoms  is 
essential  for  lethal  toxicity,  it  is  not  essential  for  the  anti¬ 
genic  specificity  of  the  toxin.  Therefore,  the  loss  toxic  HND- 
cobrotoxin  is  superior  to  native  toxin  fer  inducing  tho  production 
of  antibody  in  animals.  In  fact,  we  have  obtained  1.3  times  more 
j  potent  antisera  in  only  ono-half  tho  time  by  using  HNB-cobrotoxin 

instead  of  native  toxin. 


IV .  P_;  nensoion 

Tryptophan  has  t.'cn  assigned  rn  important  rolo  in  determining 
and  etabil:..  J.wg  v.h.e  t  :~ti~ry  structure  of  protein  by  its  intera¬ 
ction  with  othor  hydrophobic  residues.  In  this  study,  four 
different  reagents  vV.ah  h-.ve  bo^n  reported  an  specific  for  the 
tryptophan  rosic.uoc  in  proteins  were  used  for  tho  modification  of 
the  singlo  tryptoph;  n  residue  in  cobrotoxin  anci  tho  effect  on  the 
antigenic  specificity  of  tho  toxin  was  investigated.  Tho  data 
from  amino  acid  an ai ysos  of  tho  modified  dorivatives  indicated 
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that  these  reactions  do  not  affect  the  ether  amino  acids,  except 
fer  KBS- cebro toxin  which  showed  besides  tryptophan,  one  mole  of 
tyrosine  and  histidine  wore  also  modified  (Table  I).  These 
modifications  lead  to  the  almost  complete  loss  of  lethal  toxicity, 
indicating  that  tho  tryptophan  rosiduo  in  cebrotoxin  is  essential 
fer  the  lethality.  Tho  results  are  in  good  agreement  with  these 
ef  neuretoxins  isolated  from  tho  venoms  of  sea  snakes  (6-9)*  Zt 
is  noteworthy  that  moot  snake  vonora  neurotexine  contain  only  one 
tryptophan  residue  located  at  the  homologous  positions  in  the 
sequences  (5)  and  this  invariant  tryptophan  residue  plays  important 
role  in  the  structural  features  for  tho  lothal  toxicity  of  toxin* 

It  is  of  interest  to  note  that  trhilo  tho  tryptophan  residua  is 
essential  fer  the  toxic  action,  it  is  not  involvod  in  the  antigenie 
activity  of  toxins.  In  tho  immunodiffusion  study  and  hotorogous 
precipitin  reactions,  no  significant  differences  were  observed 
between  cebrotoxin  and  its  modified  derivatives.  Morever,  by 
using  KNB-cobrotoxin  as  an  antigen  for  immunization,  we  have 
obtained  more  potent  antisera  in  only  one-half  tho  timo  instead 
,  af  native  toxin  (Table  II  and  III).  This  strongly  indicates 

*  that  there  is  essentially  no  change  in  antigenic  specificity  after 

tryptophan  modification. 

In  comparison  of  antigenic  activity  among  tho  codified  deri¬ 
vatives,  it  showed  that  HKB-cobretoxin  is  tho  moot  antigonic  and 
NPS-cobrotoxin,  KBS-cobrotoxin,  and  ozonized  cobrotoxin  follow  in 
decreasing  order  (Fig.  6  and  Table  II).  These  results  indicate 
that  tho  effects  of  the  four  specific  reagents  on  the  immuno¬ 
logical  properties  of  cobrotoxin  are  samowhate  different.  The 
slight  decrease  in  antigonic  activity  of  cobrotoxin  after  oxid¬ 
ation  with  KBS  er  ozonlzation  may  be  attributed  to  the  change  ef 
gross  conformation. 

Karlsson  and  Eaker  (16)  have  recently  reported  that  modifi¬ 
cation  of  the  single  tryptophan  residue  in  slamansis  3  toxin 
isolated  from  the  venom  of  Waja  naja  siamensis^  wlt'h~HNB-Br 
J  resulted  in  that  tho  toxin  polymerizes  thereby  easily.  frimers 

and  higher  aggregates  are  non-toxic  while  aimers  are  slightly 
toxic.  Three  monomeric,  toxic  deri-atives  were  isolated  by 
gradient  chromatography  on  Bio-nox  70.  Thus,  they  concluded 
that  tryptophan  residue  in  not  functionally  essential  and  is  a 
structurally  essential  group.  By  immunochemical  study  on 
erabutoxins,  neuro toxic  proteins  obtained  from  a  so a  snake 
Lati cauda  semi f asciatn,  Sr.to  £t  nl.  (17)  have  rocontly  reported 
that  the  formald'ehydc-trocted  erabutoxins  are  antigenic  although 
they  havo  no  lethal  toxicity.  It  is  of  interest  that  the 
modified  erabutor.in  b  is  ultraeentrifugally  monodisperse  and  has 
a  molecular  weight  of  68,800,  about  ten  times  that  of  the  native 
toxin.  In  order  to  determine  whether  the  HNB-cebrotoxin  is  «ise 
forming  a  polymer,  the  molecular  weight  was  estimated  by  g-l 
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filtration  on  Sephadex  G-50  equilibrated  with  M/15  phosphate  buffer 
pH  7«4.  In  comparic  with  cobrotoxin  and  <x-chymotrypsin  (Fig.  9) 
all  preparations  woro  revealed  as  a  single  peak  and  tho  oc-chymo- 
trypsin  (mol.  wt . ,  22,000)  emerged  in  the  void  volume  and  HNB- 
cobrotoxin  an  veil  as  cobrotoxin  in  almost  tho  aarae  volume  of 
eluate,  indicating  that  HNB-cobrotoxin  is  a  monomer. 

The  results  from  px*evious  studies  on  the  chemical  modification 
of  cobrotoxin  have  suggested  that  a  variety  of  functional  groups 
are  essential  for  biological  activity  of  the  toxin  and  the  changes 
in  lethal  toxicity  and  antigenic  activity  had  occurred  concurrently 
(2,3,18).  However,  from  the  result  of  present  study  and  that  of 
exhaustive  fluorescein  thiocarbamylation  of  cobrotoxin  through  its 
free  amino  groups  suggest  that  these  modifications  resulted  in 
pronounced  decrease  in  lethal  toxicity  without  affecting  the 
antigenic  specificity  of  the  toxin  (19,20).  These  results 
suggest  that  the  antigenic  sitos  of  cobrotoxin  arc  different  from 
the  active  site(s)  of  toxicity.  The  similar  observations  were 
also  made  on  the  sea  snake  neurotoxins  (6,7,17).  In  fact,  those 
less  toxic  preparations  can  be  usod  as  a  good  tool  in  the  pro¬ 
duction  of  antibodies  in  animals. 


V.  Conclualon 

The  single  tryptophan  residue  in  cobrotoxin  has  been  converted 
into  N-formylkynuronine  by  oaonization  in  formic  acid,  oxidized  to 
oxindole  derivative  with  N-bromosuccinimide,  and  also  modified  by 
reactions  with  2-hydroxy-5~nltrobenzyl  bromide  and  2-nitrophenyl- 
sulfenyl  chloride.  The  modified  toxins  loBt  almost  completely  the 
lethal  toxicity  and  showed  that  besides  tryptophan,  all  other  amino 
acid  residues  remained  intact.  However,  the  derivative  oxidized 
with  N-bromosuccinimide,  in  addition  to  tryptophan,  one  mole  ef 
tyrosine  and  histidine  were  also  mod.',  fiod. 

Each  modified  derivative  gavo  a  single  fused  precipitin  lino 
with  cobrotoxin  on  immunodiffusion  against  oithox*  anti -cobrotoxin 
or  anti-HNB-cobrot.-xia  porn.  In  heterologous  procipitin  reactions 
no  significant  decreases  in  antigenic  activity  of  the  modified 
derivatives  wore  obnervort  when  they  reacted  with  nnti-cobrotoxin 
sera.  However,  a  slight  decroaso  of  procipitation  occurred  for 
ozonized  cobrotoxin.  In  tho  production  of  antibodies  in  rabbits 
by  immunization  with  these  modified  derivatives  (except  for 
•zenized  cobrotoxin),  wo  havo  obtainod  1.3  times  more  potent 
antisera  in  only  one-half  the  timo  by  using  HNB-cobrotoxin  instead 
•f  mmtive  toxin.  Theraforo,  HNB-cobrotoxin  is  superior  to  native 
toxin  for  the  production  of  antibody  in  animals.  These  results 
suggest  that  although  the  tryptophan  residue  in  cobrotoxin  is 
essential  for  lethal  toxicity,  it  may  not  bo  involved  in  the 
antigenic  specificity  of  the  toxin. 
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APPENDIX  -1 


Tablo  I 


Amino  acid  composition  of  cobi'otoxin  and  tryptophan-modified  derivatives 


Residues 

per  mole  of  protein 

Amino  acid 

Cobrotoxin 

Ozonized 

cobrotoxin 

HNB- 

cobrotoxln 

NP3- 

cobrotoxin 

NBS- 

cobrotoxin 

Aspartic  acid 

S 

8.4 

8.2 

7.8 

7.6 

Threonine 

8 

7.5 

7*9 

7.6 

7.3 

Serine 

4 

3.3 

3-9 

3.0 

3-7 

Glutamic  acid 

7 

7-1 

7.3 

6.8 

7-3 

Proline 

2 

2.0 

2.3 

2.2 

1.9 

Glycine 

7 

7.2 

7.3 

7.1 

7.3 

Alanine 

es 

- 

- 

- 

- 

Half-cystine 

8 

8.3 

7.9 

8.3 

8.1 

Valine 

1 

1.0 

1.1 

1.0 

1.0 

Methionine 

- 

- 

- 

- 

- 

Isoleucine 

2 

2.0 

2.1 

i.e 

2.2 

Leucine 

1 

1.0* 

1.0 

1.0 

1.0 

Tyrosine 

2 

1.7 

2.1 

1.8 

0.90 

Phenylalanine 

- 

- 

- 

- 

- 

Lysine 

3 

3.0 

3.1 

2.9 

3.0 

Histidine 

2 

1.7 

1.8 

1.9 

0.93 

Arginine 

6 

6.1 

6.3 

5.9 

6.3 

Tryptophan 

1 

0.0 

0.0 

0.0 

0.0 

Kynurenine 

- 

0.75 

- 

- 

HNB-tryptophan 

- 

- 

0.92** 

- 

- 

NPS-tryptophan 

- 

- 

- 

0.98** 

- 

*  All  values  are 

expressed  as  molar 

ratios  based 

on  Itucine 

»  1.0. 

**  Dotcrmined  spectrophotomotrically  at  410  nm  and  365  nm  for  HNB- 
tryptophan  and  NPS-tryptophr.n ,  respectively . 
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APPENDIX  A-2 


Table  II 

Comparison  © t  the  production  of  antibody  to  cobrotoxin  by  immunization 
with  cobrotoxin  and  tryptophan-modi fiod  derivatives  in  rabbi to 


Antifen 

Lethality 

<*) 

Total  dose 
(mg/kg  body 
weight) 

Immunization 
period  (days) 

Relative  antibody 
content  in  immune 
sera  (Si) 

Cobre toxin 

100 

5.118 

113 

100 

(2.59) * 

HNB-cobrotoxin 

6.2 

5.970 

.58 

108.5 

(2.81) 

NPS-cobrotexin 

3.1 

5.970 

58 

90.8 

(2.36) 

NBS-cebretoxin 

1.6 

5.970 

58 

52.3 

(1.35) 

•  Numbers  in  parentheses  denote  the  antibody  contents  in  per  cent  in 
the  peeled  immuno  sera  from  four  rabbits. 
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APPENDIX  A -3 


Tablo  III 

Comparison  of  specific  neutralizing  capacity  of  ehti- 
cobrotoxin  and  anti -tryptophan-modified  cobrotoxin 
sera  against  cobra  venom  and  cobrotoxin 


Antisera* 

Specific  neutralising 
capacity  ( LD^^/mg  N)** 

Relative 

capacity 

Anti-cobrotoxi n 

16. 1 

1.0 

Anti-HNB-eobretoxin 

21.7 

1.3 

Anti-NPS-cobrotcxin 

15.5 

0.95 

Anti-NBS-cobrotoxin 

5.6 

0.35 

•  The  pooled  antisera  from  four  rabbits  wore  U30d  in  each 
measurement* 

••  The  amou:  ts  of  1  LDjq  for  cobra  venom  and  cobrotoxin 
are  7«^  and  1.1  pg,  respectively.  The  specific 
neutralising  capacity  obtained  was  of  the  sane  order 
for  both  cobra  venom  and  cobrotoxin. 
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Absorbance  at  320  na 


APPENDIX  B-l 
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Tine  o t  Ozoni cation  (ain) 


Fig*  1.  Relationship  betvor'n  the  formation  of  N-formyl- 
kynuronine  and  tho  lethal  toxicity  of  cobrotoxin  as  a  function 
of  time  of  ozonization* 
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Lethality  (%) 


APPENDIX  8-2 


Moles  NBS/Mole  Cobrotexin 


Pig*  2.  Change  of  absorbanco  end  decrease  of  lethal  toxicity 
of  cobrotexin  after  oxidation  with  NDS. 

To  the  solutions  of  cobrotoxin  (1  no)  in  2  ml  of  0,1  M 
acetate  buffer  (ptl  4.0),  varying  molar  equivalents  of  NBS  in  1,0 
■1  ef  the  sane  Suffer  v.-ora  r.ddod  dropwiso.  Aagg  nm  ( 1-CB 
light  path)  value  r.nd  ioihal  toxicity  wore  plotted  against  the 
saounte  of  NBS  .-ftar  the  reaction  had  proceed  for  30  min. 


Absorbance  at  280  na 
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Moles  NBS/Mole  Cobrotoxln 


Pig*  2*  Change  of  absorbar.co  and  decrease  of  lethal  toxicity 
of  cebretoxin  after  oxidation  with  MBS. 

Te  the  solutions  of  cobrotoxin  (3  mg)  in  2  ml  of  0.1  M 
acetate  buffer  (pH  4.0) ,  varying  molar  equivalents  of  UBS  in  1.0 
■1  ef  the  same  buffer  were  added  dropwise.  A2gf)  mn  ( 1-cra 
light  bath)  value  and  lethal  toxicity  were  plotted  against  the 
amounts  of  NBS  after  the  reaction  had  proceed  for  30  min. 


13 


Absorbance  at  280  na 


Mole  of  Tryptophan  Modified 
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.  Fig.  3.  Alkylation  of  tryptophan  residue  in  cobrotoxin 
with  HNB-Br  and  decrease  of  lethal  toxicity. 

To  the  aolutiono  of  cobrotoxin  (1  jt  mole)  in  2  ml  of  0.l8  M 
acetic  acid  (pH  2.7)i  various  molar  oxcoes  ox  IIIi3'.-nr  in  0.2  ml 
«f  dry  acetone  were  added.  After  vigorous  stirring  for  1  h 
at  room  temperature  (27°C),  the  mixture  wan  desalted  by  passage 
through  a  Sophadox  G-25  column  (2  x  33  cm)  and  eluted  with  0*2  M 
acetic  acid.  The  protein  fractions  were  pooled  and  lyophilizod. 
The  nele  of  tryptophan  modified  was  determined  spectro^hoto- 
metrically  on  dry  sample  dissolved  in  0.05  M  sodium  carbonate 
buffer  (pH  10.0),  using  a  value  of  l8t90C  for  the  molar  extin¬ 
ction  coefficient  at  410  na  (15). 
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Pig.  4.  Sulfonylation  of  tryptophan  residue  in  cobrotoxin 
with  NPS-Cl  and  decrease  of  lethal  toxicity. 

To  the  solutions  of  cobrotoxin  ( 1  p  mole)  in  2  ml  of  30  % 
acetic  acid,  various  molar  excess  of  NPS-Cl  in  1  ml  of  glacial 
acetic  acid  were  added.  After  stirring  for  1  h  at  room 
temperature  <27®C),  the  modified  toxin  was  separated  from  the 
reagont  by  passago  through  a  Sephadex  G-25  column  (2  x  33  cm) 
and  oluted  with  0.2  M  acetic  acid.  The  protein  fractions 
were  pooled  and  lyophilized.  The  NPS- tryptophan  was  determined 
spectrophotometrically  on  the  dry  sample  dissolved  in  0.2  M 
acetic  acid,  using  a  value  of  4,000  for  the  molar  extinction 
coefficient  at  363  nm  (11). 
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Fig.  5»  Absorption  spectra  of  cobrotoxin  and  Its  Trp- 
modified  derivatives. 

3  »g  of  cobrotoxin  and  2  ng  of  modified  derivatives  wore 
dissolved  in  6  ml  of  0.2  M  acetic  acid,  respectively,  except 
for  HNB-cobrotoxin  which  was  dissolved  in  0.05  M  sodium  carbonate 
buffer  (pH  10.0).  Cbt,  cobrotoxin. 
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Pig.  7»  Quantitative  precipitin  reactions  of  cobrotoxin 
and  the  Trp-modif iod  derivative::  with  anti -Trp -modified  cobrotoxin 

aera. 


0.5  ml  of  the  pooled  antisera  from  four  rabbits  were  used 
in  each  determination.  — «,  cobrotoxinf  •— — A,  homologous 

modified  cobrotoxin. 
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Fig.  9.  Gel  filtration  patterns  of  cobrotoxin,  HNB-cabro- 
toxin,  and  *-chyraotryps in  on  Sephuaex  G-50. 

The  column  was  equilibrated  with  M/15  phosphate  buffer  (pH  7.4) 
to  the  constant  height  (2  :c  85  cm).  Each  sample  (10  mg)  dissolved 
in  the  saoo  buffer  was  applied  into  the  column  and  eluted  with  the 
same  buffer.  5  ml  of  fractions  wero  collected  at  a  rnte  of  25  ml 
per  h  and  the  protein  concentration  was  determined  by  the  method 

of  Lowry  et  al.  (21).  —  a,  cobrotoxin;  A - 4,  HNB-cobrotoxin; 

,  (i-chymotrypsin. 
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